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1.0 Executive Summary  
 

Washington College Center for Environment and Society (CES) and Midshore Riverkeeper Conservancy 

(MRC) were contracted by the Town of Easton to perform a watershed assessment and plan for Tanyard 

.ǊŀƴŎƘΦ  ²ŀǎƘƛƴƎǘƻƴ /ƻƭƭŜƎŜΩǎ DŜƻƎǊŀǇƘƛŎ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳǎ όDL{ύ ƭŀō ŎƻƴŘǳŎǘŜŘ ŀ ǊŜǾƛŜǿ of GIS base 

layers and provided detailed land use analysis, including newly mapped storm water infrastructure in 

this highly urbanized watershed.  Both CES and MRC conducted extensive water quality monitoring for 

this project.  MRC conducted pollution source analyses, neighborhood by neighborhood assessments, 

stormwater loading analyses, and retrofit and pollution remediation investigation and design.   

Tanyard Branch is a heavily urbanized and impacted stream system.  The total land area within the 

watershed is 911 acres.  There are 1,200 residential units and 774 commercial units in the watershed.  

Impervious coverage of the watershed is 36%.  The impervious area is broken down into 109 acres of 

parking lot, 92 acres of buildings and another 92 acres are comprised of roads.   As the Town of Easton 

grew, Tanyard Branch was impacted by stream channelization, wetland loss, loss of stream side 

vegetated buffers, development in the floodplain, and stream burial which directed Tanyard Branch into 

pipes between Aurora Street and Easton Utilities.  The high percentage of impervious coverage in the 

watershed has caused severe degradation to the stream and contributes high loads of nitrogen and 

phosphorus.  

Watershed scientists have been able to correlate stream health with the percentage of impervious 

ŎƻǾŜǊŀƎŜ ǎƛƴŎŜ ǘƘŜ ŜŀǊƭȅ мффлΩǎ. The combination of wetlands loss, increased impervious coverage, and 

a robust storm drain network has altered the characteristics of the stream such that Tanyard Branch 

now acts more like a conveyance of stormwater rather than a healthy, functioning natural stream.  

Baseflow in the stream averages 0.51 cubic feet per second (cfs).  Streamflow during storm events is 

exponentially higher.  As an example, a half-inch rain event averaged 85 cfs (160 times base flow).  This 

reveals that the stream is disconnected from its floodplain, has been channelized, piped underground, 

and is highly developed. 

The following quote from the Center for Watershed Protection characterizes streams with impervious 

coverage greater than 25%. 

 άOnce watershed impervious cover exceeds 25%, stream quality crosses a second threshold. Streams in 

this category essentially become conduits for conveying stormwater flows, and can no longer support a 

diverse stream community. The stream channel becomes highly unstable, and many stream reaches 

experience severe widening, downcutting, and streambank erosion. Pool and riffle structure needed to 

sustain fish is diminished or eliminated and the substrate can no longer provide habitat for aquatic 

insects, or spawning areas for fish. Water quality is consistently rated as fair to poor, and water 

recreation is no longer possible due to the presence of high bacterial levelsΧThe biological quality of non-

supporting streams is generally considered poor, and is dominated by pollution tolerant insects and fishΦέ 

Faced with the urban characteristics of Tanyard Branch, we recognize the impracticality of totally 

overhauling and remaking the stream, restoring a natural channel, creating natural buffers and 
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developing drainage areas throughout that capture and slow runoff to mimic an undeveloped tributary.  

However, there are retrofits that we can implement that are both economical and effective in reducing 

and capturing nutrients and sediments before they enter the stream and helping to reduce loading at 

ǘƘŜ ǎǘǊŜŀƳΩǎ outlet to the Tred Avon River.  We can slow water after rain events, and we can do much to 

improve the biological potential of the ponds that lie within ǘƘŜ ǎǘǊŜŀƳΩǎ ǇŀǘƘΦ 

Routine water quality monitoring revealed good to fair water quality conditions for dissolved oxygen 

(DO) and nitrogen (TN), but elevated phosphorus (TP) (Section 3.4).  Throughout the year we noticed 

blooms of filamentous algae in stormwater ponds within the watershed and within Tanyard Branch. The 

presence of large mats of algae throughout the stream indicates an abundance of nutrients moving 

through the system and that the stream is over-enriched.    

From the estimated annual loadings based on our sampling, models were run in order to estimate what 

sectors produced the largest amount of nutrient inputs into the system.  Phosphorus was modeled, but 

modeled results did not approximate measured loadings.  This is not unusual as phosphorus is 

inherently more difficult to model accurately. Because of the difficulties calculating phosphorus 

reductions, we relate our retrofits to nitrogen reductions as these were accurately modeled, are more 

amenable to calculate, and can be easily tracked.  In addition there is a keen interest in the TMDL 

process in reducing nitrogen loads.  By referencing our retrofits to nitrogen reductions, we can also be 

assured that we will gain from those retrofits commensurate reductions in phosphorus, both improving 

the overall health of the stream and assisting the town in reaching TMDL nitrogen reduction goals.  In 

other words, these retrofits will reduce both phosphorus and nitrogen loads simultaneously.  

From our modeling it is clear that the largest sources of nitrogen to the Tanyard Branch are commercial 

areas, roads, and parking lots .  From this information retrofits were identified that were near these 

areas.  We have identified a suite of 67 .Ŝǎǘ aŀƴŀƎŜƳŜƴǘ tǊŀŎǘƛŎŜǎ ό.atΩǎύ that, if implemented, have 

the capability to reduce the pollution loads to the Tanyard Branch by approximately 2,700 pounds of 

nitrogen per year.  We are also recommending an education and outreach program that includes a rain 

barrel and rain garden program to reduce stormwater flows from residential neighborhoods.   

¢ƘŜ ǊŜŎƻƳƳŜƴŘŜŘ .atΩǎ ŀǊŜ ǎǇǊŜŀŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ¢ŀƴȅŀǊd Branch watershed and are an effort to 

restore natural processes of landscape features that have been lost due to urbanization.  We have 

provided illustrations and descriptions of each BMP (see Appendix Section 10.2, Section 10.3).  We have 

also developed cost estimates for each project and have ǇǊƛƻǊƛǘƛȊŜŘ ŜŀŎƘ ǇǊŀŎǘƛŎŜ ŀǎ άpriorityέмΣέ άнΣέ ƻǊ 

άо,έǿƛǘƘ άмέ ōŜƛƴƎ ǘƘŜ ƘƛƎƘŜǎǘΦ ¢Ƙƛǎ ǇǊƛƻǊƛǘȅ ƛǎ ōased on a cost/benefit analysis of the achievable load 

reductions, the importance of the retrofit to watershed health, and the practical ability to implement a 

given project.   

The projected cost to implement all of the 67 .atΩǎ ƛǎ ōŜǘǿŜŜƴ $640,410 and $1,341,450 depending on 

the contractors and final design of the projects. 

Because the impacts to the stream have occurred over hundreds of years in a piecemeal manner, the 

solutions to the problems are going to take time.  Our prioritized list of retrofits identifies projects that 

cumulatively will slow and filter the flow of stormwater to Tanyard Branch in rain events.  Our two top 
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priority projects would physically remove nutrients from the waterway itself and could reduce the 

nutrient loading to the Tred Avon River by 1,000 pounds of nitrogen per year. 
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2.0 Introduction  
 
The Tanyard Branch, located in Easton, Talbot County, MD, is a 911 acre watershed that drains into the 

Tred Avon River (Figure 1), a tributary of the Choptank River.  The Center for Environment and Society 

(CES) and the GIS Program at Washington College, in partnership with the Midshore Riverkeeper 

Conservancy, have assessed and compiled available GIS data, conducted assessments of residential 

neighborhoods, stream corridors, and commercial and publicly owned properties.  In addition we 

conducted extensive dry and wet weather water quality monitoring.  We also used data generated by 

the GIS program to populate models to calculate nutrient loads to Tanyard Branch. 

The results of these efforts were used to develop an extensive list of retrofit strategies, which, if 

implemented, could result in a 32% reduction in nitrogen loading to Tanyard Branch.  The restoration 

strategies were also provided to assist the Town of Easton to effect measureable reductions in nutrients 

to the Tanyard Branch and the Tred Avon River.  

 

 

Figure 1: Overview of Tanyard Branch Watershed 
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This project had the following objectives: 
 
1. Identify and prioritize sites throughout the study area that contribute high sediment, nutrient and 
anthropogenic pollutant loads to the receiving basin. 
 
2. Identify and prioritize potential solutions and quantify nutrient reductions. 
 
3. Identify watershed restoration project cooperators, approximate financial costs and prepare an 
implementation schedule. 
 
The Tanyard Branch watershed planning project involved: 
  

¶ A review of existing conditions and an analysis of nutrient contribution to the Tanyard Branch.  

¶ The creation of a series of maps illustrating conditions and attributes of this watershed. 

¶ Integration and analysis of existing water quality data for this watershed.  

¶ Water quality monitoring during base and storm-flow conditions. 

¶ Development of a watershed plan to improve water quality in the Tanyard Branch.  

¶ An educational component to enhance public understanding and participation.   
 
 
 
 
Our efforts have resulted in: 
 

¶ Identification of causes and sources that need to be controlled to achieve load reductions. 

¶ Estimation of load reductions expected for the management measures.  

¶ Proposed management measures needed to achieve the load reductions. 

¶ Proposed technical and financial assistance to implement this plan.  

¶ Creation of a blueprint for implementing management measures.  

¶ Proposed interim, measurable milestones for determining control actions.  

¶ Monitoring criteria that measure the effectiveness of the implementation. 
 
In this report we present a suite of retrofit projects that, if implemented, will achieve significant load 

reductions to receiving waters.   
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3.0 Methods and Results 

3.1 Geographic Information System Analysis  
 

The GIS Program at the Center for Environment and Society provided a comprehensive GIS analysis of 

the Tanyard Branch watershed.  Mr. Stewart Bruce, GIS Program Coordinator, and Ms. Erica McMaster, 

GIS Project Manager, supervised a large team of qualified student interns to accomplish this work.  

The team developed the original GIS data layers as well as collected existing GIS data layers that were 

clipped to the watershed boundary for analysis.  GIS data are being delivered in an ArcGIS Geodatabase 

format with associated map documents suitable for display of the data.  The following is a list of maps 

and analysis produced for the project and these can be found in Appendix 10.1.  

Figure 1:  Watershed Boundary 
 
This map shows the outline of the watershed boundary which is calculated to contain 910.78 acres.  
 
Figure 2:  Digital Elevation Model (DEM) 
 
To complete this analysis the 1/9 Arc Second DEM USGS (3 meter resolution) data was utilized and 
clipped to the Tanyard Watershed Boundary.  The vertical accuracy of this data is +/- 8 inches and is a 
derivative product of the LIDAR data acquired by the Maryland Department of Natural Resources.  The 
low elevation was 0.05 meters and the highest point was 24.55 meters 
 
Figure 3:  Watershed Delineation 
 
Using the GIS data from DEM found in Figure 2, this data was then converted to a flow length map using 
ArcMap tools.  By examining the hydrologic flow lines from the origination point the outline of the 
watershed boundary was traced. To assist in the delineation of this analysis, the Tanyard Stormwater 
System was added to this map so it could be seen where manmade stormwater lines impacted the 
natural flow of water.  The boundary was adjusted accordingly. 
 
Figure 4:  Tree Canopy 
 
This layer was digitized by a using a visual assessment of aerial imagery from several sources such as 
county imagery from 2004 and 2008, and Near IR imagery from USDA NAIP, along with multispectral 
imagery from Digital Globe WorldView II.  The tree canopy coverage was attributed to be one of three 
types: deciduous, evergreen or mixed. Once the digitizing was complete, the data was clipped to the 
Tanyard Branch Watershed Boundary; then each type of canopy coverage was analyzed to determine 
acreage and percentage of watershed covered.  

Figure 5:  Impervious Surface 
 
The impervious surfaces layer was digitized using a visual assessment of the aerial imagery, and was 
classified into eight separate categories. Once the digitizing was complete, the data was clipped to the 
Tanyard Branch Watershed Boundary; then each type of impervious surface was analyzed to determine 
acreage and percentage of watershed covered. 



 
 

13 

 
Figure 6:  Building Outlines 
 
The Talbot County GIS Buildings data were clipped to the Tanyard Watershed Boundary. The data was 
then divided into three types: commercial, no building and residential. The building land cover was then 
analyzed by determining the amount of acres covered by each type of building and then using that 
statistic to determine the percentage of watershed those types of buildings covered. 
 
 
Figure 7:  Land Use ς Parcels 
 
Using GIS data obtained from Talbot County the parcels were classified into ten categories.  The data 
was clipped to the Tanyard Branch Watershed Boundary and then each type of parcel was analyzed to 
determine acreage and percentage of watershed covered.                        
 
Figure 8:  Land Use ς Structures 
 
Using the parcel data obtained from Talbot County as a base map the staff utilized the American 
Planning Association Land Based Classification Standard to classify each parcel for Activity, Function, 
Structure, Site, and Ownership.  This map shows the structure analysis. 
 
Figure 9:  Aspect 
 
To determine Aspect the staff utilized 1/9 Arc second DEM USGS (3 meter resolution) data clipped to the 
Tanyard Watershed Boundary. The DEM data was then converted to an aspect analysis using ArcMap 
tools. 
 
Figure 10:  Slope 
 
To determine Slope the staff utilized 1/9 Arc second DEM USGS (3 meter resolution) data clipped to the 
Tanyard Watershed Boundary. The DEM data was then converted to a slope analysis using ArcMap 
tools. 
 
Figure 11:  Hillshade 
 
To determine Hillshade the staff utilized 1/9 Arc second DEM USGS (3 meter resolution) data clipped to 
the Tanyard Watershed Boundary. The DEM data was then converted to a hillshade analysis using 
ArcMap tools. 
 
Figure 12:  Residential Grass Evaluation 
 
Using Talbot County parcels as a base all residential parcels were identified.  Each parcel was visually 
examined and rated by comparing the brightness of the grass by using leaf-off aerial imagery and also by 
using WorldVieǿ LL ƳǳƭǘƛǎǇŜŎǘǊŀƭ ƛƳŀƎŜǊȅΦ  ²ƘŜƴ ǘƘŜ ŀǊŜŀ ǿŀǎ ŀǘǘǊƛōǳǘŜŘ ƛǘ ǊŜŎŜƛǾŜŘ ŀ άDǊŜŜƴ CŀŎǘƻǊέ 
score which was a number from 0-3 that categorized the brightness of the grass from dull (0) to very 
bright (3). The data was then clipped to the Tanyard Branch Watershed Boundary; and the coverage of 
the green grass was analyzed to determine acreage and percentage of watershed covered. 
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Figure 13:  Wetlands 
 
This data was received from the Maryland Department of Natural Resources and was clipped to the 
watershed boundary. 
 
 
Figure 14:  Soil Type 
 
Using the boundary of the watershed as an Area of Interest (AOI), the staff clipped the NRCS soils data 
from the NRCS web soil survey site.  The various types and acreages of various soils were then 
determined. 
 
Figure 15:  Hydric Soils 
 
Using the boundary of the watershed as an Area of Interest (AOI), the staff clipped the NRCS soils data 
from the NRCS web soil survey site.  This map shows whether the soils are hydric, partially hydric, or not 
hydric. 
 
Figure 16:  Soil Drainage 
 
Using the boundary of the watershed as an Area of Interest (AOI), the staff clipped the NRCS soils data 
from the NRCS web soil survey site.   
 
Figure 17:  Ponding Frequency 
 
Using the boundary of the watershed as an Area of Interest (AOI), the staff clipped the NRCS soils data 
from the NRCS web soil survey site.  This map shows the ponding frequency. 
 
Figure 18:  Runoff Potential 
 
Using the boundary of the watershed as an Area of Interest (AOI), the staff clipped the NRCS soils data 
from the NRCS web soil survey site.  This map shows the soil runoff potential. 
 
Figure 19:  Curb Inlets 
 
Using data collected from a related project with the Town of Easton, a map was generated to show all 
stormwater curb inlets within the watershed boundary. 
 
In addition to the map products found in Appendix 10.1, additional GIS data layers and maps were made 

to show the overall distribution of retrofits. Figure 2 shows the distribution of proposed retrofits within 

the watershed.   Individual maps were produced for each retrofit location.  These individual maps are 

found within this report for each retrofit.  For each retrofit, the watershed drainage going into the 

retrofit was also calculated.   
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Figure 2.  Retrofit Site Locations 

 

ArcGIS Online was used to upload all GIS data into an easy to use web GIS interface hosted by ArcGIS 

Online with some of the data hosted on a Washington College GIS Server. Stakeholders in the watershed 

can access the data for the watershed via the Internet.  The web site to access this data is as follows: 

http://bit.ly/JA0Fgi   

Aloft Aerial Photography attempted to capture pre and post storm events in the watershed.  A pre-

storm aerial video was captured and can be found on YouTube at; 

https://www.youtube.com/watch?feature=player_embedded&v=JcspqnWVeDM 

It was not possible during the grant period to capture post-storm events due to bad weather conditions 

that prohibited flying. 

  

http://bit.ly/JA0Fgi
https://www.youtube.com/watch?feature=player_embedded&v=JcspqnWVeDM
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3.2 Field Surveys 

 

MRC led watershed reconnaissance trips to assess stream conditions and upland areas for restoration 

and protection opportunities.  During the field visits, the team assessed general stream health, selected 

potential monitoring stations and observed general conditions throughout the watershed.   

 

MRC staff made use of the excellent data produced by the Washington College GIS Lab to assess 

watershed conditions.  In addition, MRC conducted Neighborhood Source Assessments of each of the 5 

ƴŜƛƎƘōƻǊƘƻƻŘǎΦ ¢ȅǇƛŎŀƭ ƴŜƛƎƘōƻǊƘƻƻŘǎ ǿŜǊŜ ŎƻƴǎǘǊǳŎǘŜŘ ōŜǘǿŜŜƴ ǘƘŜ муулΩǎ ŀƴŘ ǘƘŜ ŜŀǊƭȅ нлллΩǎΦ  One 

of the proposed management measures in this report is that the Town of Easton address the pollution 

contributed to the Tanyard Branch by these neighborhoods with a program to provide education on 

lawn care, demonstration rain gardens, rain barrels and turf reduction.  

 

MRC staff investigated 75 candidate sites for retrofit potential.  Through those visits we identified 67 

retrofit projects at 22 locations that, if implemented, will slow and filter much of the stormwater in the 

watershed before it enters the storm drain network and Tanyard Branch.  They would also significantly 

reduce the nitrogen and phosphorus loads to the tributary.  
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3.3 Water Testing  

 

Project staff conducted water quality sampling to gain a better understanding of the location of 

pollution loads and to assess restoration potential.   Mr. Drew Koslow, Choptank Riverkeeper, and Dr. 

Christian Krafhorst, Washington College, Center for Environment & Society, were responsible for the 

field efforts. Our sampling sites are numbered beginning upstream to downstream as depicted in Figure 

3 below with exact GPS locations listed in Table 1. 

 
 
 
 

 

Figure 3.  Sampling locations along Tanyard Branch. 

 

Table 1. Exact locations of sampling sites. 

 
 
 
 
 
 
 
 
 
 
 
 

MRC Sites CES Sites 

Station Lat Lon Station Lat Lon 

   N W   N W 

TB1 38.7832 76.0577 TB2 38.7836 76.0597 

TB3 38.7813 76.0638 TB2b 38.7832 76.0604 

TB4 38.7796 76.0677 TB4 38.7796 76.0681 

TB5 38.7788 76.0770 TB5 38.7788 76.0770 

TB6 38.7778 76.0802 TB8 38.7779 76.0850 

TB7         38.7776 76.0807    
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Water quality monitoring was conducted both during dry weather and storm events over the period 

May 2012 through October 2012 (Appendix Section 10.6).  We collected data using a Yellow Springs 

Instruments (YSI) Professional Plus multi-parameter handheld water quality meter (MRC) and Sea Bird 

Electronics, Inc. CTD (CES).  Dry weather water quality monitoring conducted by CES included water 

samples that were tested for nutrients (total nitrogen, ammonia, ortho-phosphate, silicate, and total 

organic N), total suspended solids (TSS), and chorophyll a.  MRC collected data on temperature, 

dissolved oxygen, and pH during dry weather conditions and also made direct observations of stream 

conditions at the time of sampling.  Both MRC and CES calibrated water quality instruments using 

certified standards prior use in the field. 

 

During storm sampling, MRC staff measured stream flow using a Pasco Passport Flow Sensor and 

collected water samples during wet weather events that were processed at University of Maryland 

Center for Environmental Studies (UMCES) Horn Point Laboratory for total nitrogen and total 

phosphorus.  Details on CES water quality monitoring and sample analysis are outlined in Appendix 

Section 10.5.   

 

In addition, MRC staff ran models to estimate annual nitrogen and phosphorus loads to Tanyard Branch. 

These models are widely accepted in watershed management and provide a comprehensive view of 

trends in Tanyard Branch.  Loading models were populated with data produced by the Washington 

College GIS Lab to maximize accuracy.  Parameters that were input include land use, impervious 

coverage and population.  
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3.4 Results 

Routine water quality monitoring revealed good to fair water quality conditions for dissolved oxygen 

(DO) and nitrogen (TN), but elevated phosphorus (TP) (Table 2).  Throughout the year we noticed 

blooms of filamentous algae in stormwater ponds within the watershed and within Tanyard Branch from 

site TB3 downstream (Figure 4) and in the Bay Street Ponds.    The presence of large mats of algae 

throughout the stream indicates an abundance of nutrients moving through the system and that the 

stream is over-enriched.    

Table 2 Mean total nitrogen (TN) and total phosphorus (TP) concentrations for site TB5 (Tanyard Branch site 5), 

EPA standard, and a subwatershed in the Choptank River watershed.  Total phosphorus for Tanyard Branch 

exceeds the EPA standard. 

 

Parameter 
(mg/l) TB5  

EPA 
Standard* 

 Subwatershed of 
Choptank**  

TN 1.00 1.35 5.80 

TP 0.44 0.23 0.13 

DO 8.64 5.00 7.20 

 

 

 

  

*EPA standard for TN and TP are from Florida regulations                                      
**From Nino de Guzman et al. 2012 for a subwatershed in Upper Choptank 
River 
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Photo 1: Tanyard Branch just downstream from TB5, July, 2012.  

Large algal mats covered the whole reach between TB5 into the 

upper Bay Street Pond.   

 

Photo 2:  Tanyard Branch at TB3, October 2012.  Heavy growth 

of algae covered much of the stream bottom. 

 

 

Photo 3: Upper Bay Street Pond in July of 2012 with mats of 

algae. 

 

 

Photo 4:  A Green Frog in Tanyard Branch east of TB4.  The frog 

is sitting in a thick mat of algae.  July, 2012 

Figure 4.  Photos of algae growth within the Tanyard Branch. 




























































































































































































































